Background and Aims: Nonalcoholic fatty liver disease (NAFLD) is a silent disease; its spectrum includes simple steatosis, nonalcoholic steatohepatitis and fibrosis. Pro-and anti-inflammatory cytokines play roles in the pathogenesis of NAFLD and insulin resistance (IR). Moreover, plasma cell antigen-1 (PC-1) is related to IR and associated with NAFLD progression. Therefore, we aimed to detect biomarkers, ultrasonographic and anthropometric findings capable of differentiating NAFLD grades, since most previous investigators were concerned more with NAFLD patients without classifying them into grades. Methods: A total of 87 NAFLD patients (31 with grade 1 (mild NAFLD), 26 with grade 2 (moderate NAFLD) and 30 with grade 3 (severe NAFLD) were included in the study, in addition to 47 controls (grade 0). All subjects underwent ultrasonographic examination for NAFLD diagnosis. Serum interleukin-10 (IL-10), plasma interleukin-18 (IL-18) and plasma PC-1 levels were determined using enzyme-linked immunosorbent assay. Results: Homoeostasis model assessment (HOMA)-IR was higher in different NAFLD grades than in controls. Ultrasonographic and anthropometric findings and lipid profile indices (except for high-density lipoprotein cholesterol, which was decreased) were increased with NAFLD progression. Grade 3 patients showed significant increase in levels of IL-18 and significant decrease in IL-10 and PC-1 levels when compared to grade 1 patients. Conclusion: Anthropometric and ultrasonographic findings were valuable in differentiating NAFLD grades. IR is very important in NAFLD pathogenesis. IL-18, HOMA-index and PC-1 levels could be used to differentiate between NAFLD grades, together with other measurements.
Introduction
Nonalcoholic fatty liver disease (NAFLD) is characterized by the presence of extra fat in the liver, exceeding 5-10% of liver weight. Most patients with NAFLD have increased liver fat only (simple steatosis). Some of the patients develop hepatic inflammation, a condition known as nonalcoholic steatohepatitis (NASH), and up to 20% of patients experience progressive hepatic fibrosis and may eventually progress to liver cirrhosis or failure and even hepatocellular carcinoma. 1 Precautionary procedures for NAFLD screening and diagnosis should be taken due to the disturbing increase in the NAFLD worldwide frequency and the moderate development in finding successful medicinal treatment. Primary assessment of early stages of fatty liver requires abdominal ultrasonographic examination, measurement of lipid profile and liver functions, exclusion of hepatitis B and C and alcohol toxicity, and screening for insulin resistance (IR). 2 The gold standard for NASH diagnosis is liver biopsy. This procedure, however, is invasive, overpriced, and associated with rare but potentially risky complications and sampling errors; hence, it is not appropriate as a screening tool. 3 One of the imaging techniques which is used as noninvasive diagnostic test for NAFLD is ultrasonography, by which the incidence and severity of fatty liver are measured by grading of fatty liver (Grade 1, 2 and 3) according to the hyperechogenicity of the liver tissue, the divergence between liver and diaphragm and the visibility of vascular structures. 1, 4, 5 NAFLD pathogenesis involves a multi-hit process. Steatosis which is believed to be initiated by IR is considered as the first hit, while changes in cytokines and oxidative stress are considered as the second hit, resulting in disease progression. 6 Cytokines are produced by T helper cells, which are categorized as T helper 1 cells, secreting pro-inflammatory cytokines such as interleukin (IL)-18, 7 and T helper 2 cells, secreting anti-inflammatory cytokines such as IL-10. 8 Several lines of evidence support a role for IL-18 in the pathogenesis of IR and NAFLD, 6 while only a few studies have examined the role of IL-10 in NAFLD pathogenesis. 3 Beside the insulinsensitizing effects of IL-10, 9 an imbalance between pro-and anti-inflammatory cytokines has been found in the context of NASH in the liver.
The plasma cell membrane glycoprotein, plasma cell antigen-1 (PC-1), is a type II transmembrane glycoprotein associated with the insulin receptor on the cell surface and inhibits insulin signaling. 11 It has been reported that PC-1 is significantly associated with progression of NAFLD. 12 Therefore, we aimed to evaluate the significance of some biomarkers as well as ultrasonographic and anthropometric findings in differentiating between NAFLD grades, since most previous studies [13] [14] [15] [16] [17] have been more concerned with studying NAFLD patients without classifying them ultrasonographically into grades.
Methods

Subjects
From January 2015 to October 2015, a total of 87 nondiabetic (blood sugar < 126 mg/dL) obese patients with NAFLD, who have never taken any medication for diabetes, and 47 control subjects were recruited from the Liver Clinic, Medical Service Unit at the National Research Center. All patients and controls were examined ultrasonographically. Written informed consent was obtained from all subjects and this study was approved by the Human Ethics Committee of the National Research Center (Code No. 14075).
Exclusion criteria
Patients with hepatitis B or hepatitis C infection, diabetes, splenectomy, cholestasis, coronary artery disease or pregnancy were excluded. Patients with alcohol consumption, cigarette smoking and use of amiodarone, corticosteroids, tamoxifen or methotrexate were also excluded.
Ultrasound (US) examination
US examinations were performed by the same physician using SonoAce R5 (6 MHz; Samsung). Examination of all the patients was done for diagnosing and classifying grades of NAFLD according to Kakrani et al. 4 as follows:
Grade-0 (control group): This group included 20 females and 27 males with normal findings on US; their ages ranged from 25 to 57 years, and they were age-and sex-matched with patients (Fig. 1a) . Grade-I (mild NAFLD): This group included 16 females and 15 males, in which the US showed fine diffuse increase in echogenicity of liver texture; their ages ranged from 25 to 58 years (Fig. 1b) .
Grade-II (moderate NAFLD):
This group included 20 females and 6 males with diffuse increased coarse echogenicity of liver texture and with mild attenuation of US sound beams; their ages ranged from 25 to 60 years ( Fig. 1c) .
Grade-III (severe NAFLD): This group included 22 females and 8 males with diffuse increased coarse echogenicity of liver texture, resulting in poor visibility of portal vein radicle walls and right hemi diaphragm; their ages ranged from 25 to 60 years ( Fig. 1d ).
Liver size was demonstrated by measuring distance between upper and lower borders in the mid-clavicular line. Liver parenchyma was examined with sagittal as well as longitudinal guidance of the probe and completed by lateral and intercostal views. 18 Transverse scanning was performed to assess the maximum subcutaneous fat thickness (SFT), which was defined as the distance between the external face of the recto-abdominal muscle and the internal layer of the skin, and visceral fat thickness (VFT), which was defined as the distance between the anterior wall of the aorta and the internal layer of the recto-abdominal muscle perpendicular to the aorta. 19 
Anthropometric measurements
Body mass index (BMI) was determined by dividing weight by squared height (kg/m 2 ). Waist circumference (WC) was obtained from each subject by measuring at the midpoint between the lower rib margin and the iliac crest using a conventional tape graduated in centimeters (cm). Hip was measured as the greatest abdominal circumference at the level of greater trochanters. Waist-to-hip ratio was calculated by dividing the waist by the hip circumference.
Samples collection
Blood samples (4 mL) were drawn in the morning after 12 hours fasting then divided into three portions. The first portion (2 mL) was left to clot for 30 min at room temperature and then centrifuged at 3000 rpm for serum separation to determine the levels of insulin, IL-10, AST, ALT, albumin, total protein and lipid profile parameters. The second portion (1 mL) was collected in EDTA-containing tubes and centrifuged at 3000 rpm for plasma separation to determine the levels of IL-18 and PC-1. The third portion (1 mL) was collected in a mixture of EDTA and fluoride and centrifuged at 3000 rpm for plasma separation to determine fasting plasma glucose.
Biochemical analyses
Fasting plasma glucose test was performed according to Heinz 
Statistical analyses
The Statistical Package for the Social Sciences software [version 17.0; SPSS, USA] was used. Normally distributed continuous variables were expressed as mean (± SE); qualitative variables were presented as proportions. Quantitative variables were compared using one-way ANOVA; the least significant difference test was used for multiple post-hoc comparisons. On the other hand, qualitative variables were compared using the chi-square [X 2 ] test or Fischer′s exact test. Variables which were significant on univariate analysis were included in the multivariate analysis and independent variables with p > 0.1 were excluded sequentially from the models. The odds ratios and associated p-values of the remaining variables are reported. Two-sided p-values # 0.05 were considered statistically significant.
Results
There were significant differences in sex distribution (males) among grade 2 and grade 3 when compared to grade 0 (Table 1) . There were significant differences in age, BMI, waist and hip circumference, diastolic and systolic blood pressure, size of liver and spleen, subcutaneous fat (SCF) and visceral fat (VF) in different NAFLD grades when compared to controls (Table 1) .
Age and BMI were significantly higher in grade 2 and grade 3 than in grade 1. It is worth noting that age and BMI were significantly higher in grade 3 than in grade 2. Concerning systolic blood pressure and diastolic blood pressure, there were no significant differences among the NAFLD grades. WC and hip circumference were significantly higher among grade 2 and grade 3 compared to grade 1. Liver size and SCF were significantly higher among grade 2 and grade 3 patients compared to grade 1 patients, while grade 3 patients showing more highly significant differences than grade 2 (Table 1) .
Insulin, HOMA-IR and fasting plasma glucose were significantly higher in NAFLD grades than in grade 0. In addition, insulin and HOMA-IR were significantly higher in grade 3 than grade 1. On the other hand, no significant differences (p > 0.05) were found in AST, ALT albumin or total protein levels between the NAFLD grades (p > 0.05) ( Table 2) . In different NAFLD grades, lipid profile parameters (total cholesterol, triacylglycerol, LDL-cholesterol and very low-density lipoprotein (VLDL)-cholesterol) were significantly higher when compared to grade 0, while there was significant decrement in HDL between NAFLD grades and grade 0. However, comparing the different NAFLD grades to each other, there was significant differences in the lipid profile parameters (Table 2) .
IL-18 was significantly higher in grade 3 compared to the other grades. On the other hand, IL-10 was significantly higher in grade 1 compared to grades 0, 2 and 3. PC-1 level was significantly higher in grade 1 compared to both grade 0 and grade 3 ( Table 2) Receiver operating characteristic (ROC) curve was constructed to determine the threshold value for optimal Data are presented as mean ± SE, a: significant difference from grade 0, b: significant difference from grade 1, c: significant difference from grade 2.
*p < 0.05, **p < 0.01, ***p < 0.001. Tables 3, 4 , 5 and 6. Table 7 presents the results of logistic regression, by which WC, hip circumference, waist to hip ratio, IL-10, PC-1, HOMA-IR, ultrasonographic findings and lipid profile were associated with grade 1 due to their significant p-values (#0.05). Moreover, WC, hip circumference, waist to hip ratio, HOMA-IR, ultrasonographic findings and lipid profile were found to be associated with grade 2 due to their significant p-values (<0.01). WC, hip circumference, waist to hip ratio, IL-18, HOMA-IR, ultrasonographic findings (except for liver size) and lipid profile (except for triglycerides) were found to be associated with grade 3 due to their significant p-values (<0.01). Furthermore, by multivariate analysis, HOMA-IR showed a significant p-value (<0.01) when combined with IL-10, IL-18 or PC-1, or combined all together. Thus, there were associations between these parameters in the different NAFLD grades (grade 1, grade 2 and grade 3).
Discussion
NAFLD is a silent disease influencing the Egyptian population. Numerous risk factors have been suggested in NAFLD pathogenesis, including advanced age, obesity, IR and hyperlipidemia, beside the roles of pro-and anti-inflammatory cytokines.
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The results from the current study revealed that the risk of NAFLD development rises with increasing age. These results confirm the finding of Mahmoud et al.,
1 who reported that age is an independent risk factor for developing more severe NAFLD. This finding may be attributed to increased fat accumulation that occurs in liver with advancing age.
In a previous study, Ezzat and colleagues 18 found that abdominal adipose tissue comprises SCF and VF, which are considered as distinct anatomic depots. SCF varies from VF in that venous drainage from SCF is directed into the systemic circulation, while venous drainage from VF is directed into the portal vein directly to the liver; thus, the metabolic products reach the liver directly and exercise a first-pass influence on liver metabolism. Multivariate analysis in the current study showed that SCF and VF were significantly associated (p <0.01) with grades 1, 2 and 3 (Table 7) , this is due to the significant increase in SCF and VF in parallel with NAFLD grades; besides, SCF and VF showed high sensitivity and specificity in differentiating between grade 3, grade 2 and grade 0 (controls) and in differentiating between grade 2, grade 1 and grade 3. Moreover, VF showed high sensitivity and specificity in differentiating between grade 2 and grade 1.
In agreement with previous findings, it has been suggested that visceral fat releases adipokines and free fatty acids, leading to fat accumulation inside liver. 18 Our results showed that size of the liver was significantly increased in parallel with NAFLD grades, also spleen size was significantly higher in all NAFLD grades than in grade 0, but stayed within the average (11 cm). 29 So, our NAFLD patients did not have splenomegaly or non-cirrhotic portal hypertension. Furthermore, our study showed that liver size and spleen size have high sensitivity and specificity in differentiating between which stated that the sizes of liver and spleen were significantly higher in patients with steatosis than in non-steatosis patients. Lipid profile parameters were significantly increased (except for HDL-cholesterol, which was decreased) in parallel with NAFLD grades. Moreover, cholesterol and LDL have high sensitivity and specificity in differentiating between grade 2, grade 1 and grade 0, but only cholesterol has high sensitivity and specificity in differentiating between grade 2 and grade 1. Triglycerides have high sensitivity and specificity in differentiating between all studied NAFLD grades except between grade 1 and grade 0. Furthermore, HDL has high sensitivity and specificity in differentiating between all studied NAFLD grades, except between grade 2 and grade 1. Multivariate analysis showed that cholesterol, HDL and LDL were significantly associated (p =0.001) with grades 1, 2 and 3, but triglycerides were significantly associated (p=0.001) with only grades 1 and 2. This is in agreement with the report by Mahmoud et al., 1 which stated that hyperlipidemia was an independent predictor of NAFLD development. In contrast, Paredes-Turrubiarte et al. 30 reported no significant differences in the values of lipid profile when comparing all different NAFLD grades.
NAFLD is related to central obesity indices, one of which is WC. Central obesity contributes in causing IR, and increased visceral adiposity might be significant in NAFLD pathogenesis. 31 In our study, hip circumference showed gradual increase with increase of NAFLD grades. In addition, BMI and WC were significantly increased in parallel with NAFLD grades. This is in agreement with the report by Tominaga et al., 5 which stated that BMI and WC were independent risk factors for NAFLD. Kim et al. 32 have also reported a significant association between the occurrence of fatty liver and its severity with an increase in BMI and WC. Multivariate analysis in our study showed that WC, hip circumference and waist to hip ratio were significantly associated with grades 1, 2 and 3, but surprisingly BMI was not associated (p > 0.05) with all NAFLD grades (Table 7) . Furthermore, WC, hip circumference and BMI showed high sensitivity and specificity in differentiating between NAFLD grades and grade 0 and in differentiating between grade 2 and grade 1. Only the waist to hip ratio and BMI showed high sensitivity and specificity for differentiating between grade 3 and grade 1. The HOMA-IR index has been approved as an indicator of the insulin-resistant condition. 5 An upper boundary of normal HOMA-IR index is 1.5. 33 HOMA-IR index and insulin showed significant differences between NAFLD grades and controls in our study. All NAFLD patients in different grades showed HOMA-IR index value >1.5, indicating that they are in an IR state, and this was confirmed by the multivariate analysis that showed the HOMA-IR index as being significantly associated (p= 0.001) with all NAFLD grades. However, the highest sensitivity and specificity of HOMA-IR index was found in differentiating between grade 3 and grade 0. This is in agreement with a report by Hegazy et al., 31 which showed a direct association between insulin and HOMA-IR with NAFLD grades.
Obesity, defined as a condition of chronic low-grade inflammation caused by over-nutrition, is a main cause of NAFLD. Obesity causes lipid accumulation in adipocytes, which activates signaling pathways, thereby increasing the production of pro-inflammatory cytokines, 34 such as IL-18. 35 Meanwhile, anti-inflammatory protein expression (e.g. IL-10) decreases during weight gain and therefore causes fat mass expansion. 36 IL-18 was associated only with grade 3 in our study (OR = 1.1, 95%CI: 1.02-1.26, p < 0.05). Furthermore, IL-18 has high sensitivity and specificity in differentiating between grade 1 and grade 0 and in differentiating between grade 3 and grade 2. The results of the IL-18 mean value in grade 3 showed significant increase in comparison with other 38 Li et al. 15 found that IL-18 was significantly higher in NAFLD patients than in controls, while Vecchiet et al. 14 reported that IL-18 plasma levels were not significantly increased in NAFLD patients compared to controls. However, Tapan et al. 16 did not find any significant differences regarding the IL-18 plasma concentrations between patients with NASH and simple steatosis.
In our study, IL-10 was associated only with grade 1 (OR = 1.5, 95%CI: 1.1-1.9, p < 0.01);this is due to the fact that IL-10 mean value in grade 1 showed significant increase when compared to grade 0. The increase itself may be due to an IL-10 compensatory reaction for pro-inflammatory activation as found in healthy subjects. 39 Since HOMA-IR values in grade 2 and grade 3 were significantly higher than in grade 1, IL-10 was decreased in grade 2 and grade 3 compared to grade 1; this finding confirmed the insulin-sensitizing effects of IL-10. 9 The current results are in agreement with those reported by Paredes-Turrubiarte et al., 30 namely the pronounced reduction in IL-10 that was demonstrated in severe NAFLD when compared to mild NAFLD, supporting a role for inflammatory mediators in promoting steatosis progression. Unfortunately, IL-10 failed in differentiating between NAFLD grades due to its low sensitivity (#80%).
In our study, PC-1 levels were significantly higher in grade 1 patients; with low IR (HOMA-IR index =1.99) compared to grade 3 patients, who showed high IR (HOMA-IR index=2.82). This finding is in agreement with those reported by Frittitta et al., 40 namely the decreased PC-1 levels demonstrated in insulin-resistant subjects compared to insulin-sensitive nondiabetic subjects. The reason for PC-1 decrease in grade 3 is that in insulin-resistant subjects, circulating PC-1 is cleared at a higher rate from plasma (either bound or degraded). 40 PC-1 levels were also higher in grade 1 patients than grade 0 patients, who were in an insulin-sensitive state, this may be due to the HOMA-IR index value not being significantly higher in grade 1 (1.99) compared to grade 0 (1.3). Furthermore, PC-1 has high sensitivity and specificity in differentiating between all studied NAFLD grades, except between grade 1 and grade 0.
Multivariate analysis showed that IL-10, IL-18 and PC-1 when combined with HOMA-IR index were associated with different NAFLD grades (grade 1, grade 2, grade 3) ( Table 7) . This is attributed to their important effects on the insulin signaling pathway. Limitations of the study 1. The small size of this study was due to the cost of kits for the biochemical investigations; we recommend to increase the number of patients in future studies. 2. In our study, we searched for cytokines that are related to the wide spectrum of NAFLD, which ranges from simple steatosis to NASH. We did not aim to focus on NASH cases in our study, since diagnosis for liver fibrosis or hepatocellular injury is invasive and very expensive. 3. Although abdominal ultrasonography has low sensitivity for detecting mild NAFLD, as reported in previous literature, it is the best low-cost method available that is also a non-invasive technique for detecting NAFLD. Because of ethical considerations, we did not carry out a liver biopsy (none of our patients had clinical presentation or significant elevation in liver enzymes). Moreover, our studied patients considered themselves healthy and refused to undergo further invasive techniques, such as pathological examinations for liver biopsy to detect fibrosis, and our enrolled controls were selected carefully and did not show any risk factor for NAFLD development.
